US009254831B2

a2z United States Patent (10) Patent No.: US 9,254,831 B2
Berger et al. 45) Date of Patent: Feb. 9, 2016
(54) HYDRAULIC CONTROL SYSTEM FOR AN (52) US.CL
AUTOMATIC TRANSMISSION CPC ....ccvue B60W 10/02 (2013.01); B6OW 10/11
(2013.01); FI6H 61/0206 (2013.01); FI16H
(71) Applicant: GM Global.Technology Operations 61/686 (2013.01); F16H 2200/0069 (2013.01)
LLC, Detroit, MI (US) (58) Field of Classification Search
. None
(72)  Inventors: TOdfi R. !Serger, Pinckney, MI (US): See application file for complete search history.
Kevin Michael Dougan, Plymouth, MI
(US) (56) References Cited
(73) Assignee: GM Global.Technology Operations, U.S. PATENT DOCUMENTS
LLC, Detroit, MI (US)
3,754,482 A * 8/1973 Sandersetal. ................ 475/120
(*) Notice: Subject to any disclaimer, the term of this 4351,206 A * 9/1982 Lemieuxetal. ... .. 477/134
patent is extended or adjusted under 35 2,‘5‘28,323 gzz ‘5‘; égg; Isialllili'ettali ~~~~~~~~~ 4;(5)/11/ ;g
,569, uzuki et al. ... .
US.C. 154(b) by 196 days. 2010/0105522 Al*  4/2010 Hagelskamp .......c.c.... 477/138
2011/0303040 Al* 12/2011 Hagelskamp .............. 74/473.11
(21) Appl. No.: 13/936,714
. FOREIGN PATENT DOCUMENTS
(22) Filed: Jul. 8, 2013
CN 102121528 A 7/2011
(65) Prior Publication Data . .
* cited by examiner
US 2014/0034437 Al Feb. 6, 2014
Related U.S. Application Data Primary Examiner — Justin Holmes
(60) Provisional application No. 61/677,781, filed on Jul. (57) ABSTRACT
31,2012. . Lo
A hydraulic control system for a transmission includes a
(51) Int.CL source of pressurized hydraulic fluid that communicates with
F16H 61/02 (2006.01) an electronic transmission range selection (ETRS) subsystem
B6OW 10/02 (2006.01) or manual valve and a clutch actuation subsystem.
B6OW 10/11 (2012.01)
FI6H 61/686 (2006.01) 16 Claims, 18 Drawing Sheets




US 9,254,831 B2

Sheet 1 of 18

Feb. 9, 2016

U.S. Patent

L //l@

Ll

|
)

ST @@N

L

LL

:En
o)
&2

s
poges

~
~

}

i Do < - H
XXX X OCXER XN AHK XX XIOOOOOOOOK O H
1Ry 2

OO

!

XX

XX X OO OO

o
ot

!

0}

3

SO N NN

DSOS NN

AN

DN N NN NNN

LLLLLL

DS NN NN




US 9,254,831 B2

Sheet 2 of 18

Feb. 9, 2016

U.S. Patent

di Old

® @ ¢ o
O _ m m__“_.__________“_“___._._._._______________%_% “____________m ._M @ O
SELLLI F— E——— i

1
______________________________________—___________________ m “ - —
E AALAILIIIRLINRRIN ANRRANRNN " “ W
D \ 92— | i

1
|
|
|
I
|

n I

__ \ ? ANARALLANRRRRN AN AN == - |
LFLFLFLL rT T T K ! |
|

I

|

I

|

|

N@N\\\___:___ MHHHHHHHHHMRHHHHH R HHHH N e ]

ﬁ _____._._____._.___._.___._.___ IHHHHHHHHHHHHR
@-...._._.___._._____._____._.___._.__“_

SONNNNNNN

N

v
_I_H._n.ﬂ.l_ ~~—99/




US 9,254,831 B2

Sheet 3 of 18

Feb. 9, 2016

U.S. Patent

¢9¢

09—

00¢—

I r L

i
I
mi

—05¢

-1
=X |

a

0rc 051 & 9/¢
\ 1\ J

7/

b1

T
|

bid

§ 4

N

€91

A ]

1
WS ANNANNNNNNN //ﬂ AN
T -

]

i)

Z
m

AlllHAIAMAARLARR AN

_ o)
v 9991 yopLd A

LLLLLLLLLLLLL

AONNANNNNNNNOINNNNNNN N// SONN —/ SUOSOVUNNANNNNNNOINNNNNONNNNNINNNNOINONNNNOINNNONNANNAN

el il g g gl g S S g e e e N o |

©

\
J

A

70}



US 9,254,831 B2

Sheet 4 of 18

Feb. 9, 2016

U.S. Patent

T T AT AT AT AVAYAYAYATAVAVATAVATATAVAVAVAVAVATAVAVAVATATAVAT)

ar "Dld

SIOUSNNNNSNNNNNN N N

YA

/_/ AR AN

SNNNNNNNN




U.S. Patent Feb. 9, 2016 Sheet 5 of 18 US 9,254,831 B2

s /E/ LLLLLLL

292

220

DR B K R I KKK KK

FIG. 1E

216

214

s

T ﬂ
GIIIIITIIIIIIIIIIIIIIIIIIIIS
T T T e e e T e T
Iy
LLLLL L L L L L L LR L L L L L L L L L LT :I [
[ L]
Iy 1
A i 1l
g 1 O = L1 I
1 1
2727273 »] A
Al |
—] B ||.: 13}
I \
1
1
I~z =r & <
N
H




U.S. Patent Feb. 9, 2016 Sheet 6 of 18 US 9,254,831 B2

()
S s
& N &
S 2o SN
g
=T 8 S
] <~
g N
H 4
>t 5
y 2=
; ’ ©
H n S
(=) ;rr == 1 ‘5‘*
— - u
o BE o
Hl | <t S
H E o~y &
H B ~ < e
Hl B ~— O\ ‘
|__rrr__: N‘ \ s TSI 2. P I IO IS 2LL, —
rrr 1 ‘\ \\ /
L e T N T e T e P T T e e e P e T T P e e e e e P P e e
| \ [aN] U (.'3
) ~— N —
| ~N % fx,
onm|n In|
;L \ ]
21
™ = I T ' / ’
—T1
&/Jlﬁ E ’ 4
£ Z 22277777 ]
L £ ﬂ o v
@]/// Ll Ll L frs s e s s ~— /
H © NP §
(Ezr ————————————————————— N o DEIIIIIIIIIIID,
= N

1

RO R RO R R SRR DR SR IR BRI




US 9,254,831 B2

Sheet 7 of 18

Feb. 9, 2016

U.S. Patent

V¢ 'O

¢0}

Ir

LOCCCTT

]| <«

2L

L

by g By Ry

VA

/

0L

99¢

LLLLLLLL ///lm>

LLLLLLL

[

=S

AN SOV S S NN NN

S SN N

AN

TANMNMNN

00¥



US 9,254,831 B2

Sheet 8 of 18

Feb. 9, 2016

U.S. Patent

Jp) d¢ DOIA
()
- q 3

VA

V4

| | — 1 | 1 “
C:__ IHHHHHHHHHNHHHHHH NN M) MMM M M M M MM MM M | —
L -1 1
1 g
| I
ANAAIIILIRRRRRRNN ////Z |\ il ' 5 |
I K I
1] 1 B
) @M.N ! ! g |
[ I g
\..O % 11111 1111ILIALLAAARRRAY ] AR, 1 AN
1 1
| I

| —D

98/




US 9,254,831 B2

Sheet 9 of 18

Feb. 9, 2016

U.S. Patent

D¢ DA

e

AY

AR nAnnnnn

\
,NT T, TAL T

\

NN N SN

NN

1
OSSN AN N NNNNNNNANN]

L0r—1

FHI=N=ralel alalolak: el ererel el arare

T
I
i
SSSSSSSSSNSSNNY]
i
I
|

1
1
I
I
1

109Y

L

N %

/

\“\ NOANNN

OUOMUONNNNANNNONNNNSNNNNN

[

L

/

861 =

_._ T __.__Q_ln__._u ﬁm:_

el

far=r=r.rarl
H

b9e—T1 _ G =

i 1
Q i

OIS

SN NNN

SSSNAN NN
-

SO SANNNNNNNNRN
L3 Y X

9ei—H 1, 8294

2Ll

AL

051 9/2

(4%

£9—T1

2

Llllll.

/LLL

I 1|

SN ]

A1l L1111 LRk

| \
q9%1 | v9vs

N1 (T T CE (G G E T T T G TG i il i i i i i nnntottttttn Tt nvtthtthhaae
L 1




U.S. Patent Feb. 9, 2016 Sheet 10 of 18 US 9,254,831 B2

@/s
% ~
: %
:II '|: /1
{1 7 7
(()!"'I"'I"'I"T" 1/
= /
Vi wd| T~
/
K ] 7 ; N
Jmm / N
5_/' S IIIIIIS \
| \ A
¥ £
/_/: #/ N
Tt P N .
1 V
% N
‘N’ @
TN \ =
(@) % N
S~ AUl P
~— 7 N
s N
| LY \
%
U
/]
727277777/ ; \
7 N
/ Y
2 4 s
4 /4 4 N
1] = N
b 222
% / t
/ ey \
) s
? / N—
U 9 ~—
[ / N
C \
S N o
(0Z N
N ~
N
N
N
N
@\\\\\\\\ SO NNNNNNN SO N NN NNNN




US 9,254,831 B2

Sheet 11 of 18

Feb. 9, 2016

U.S. Patent

dc "Old
0c¢ 9tc

OW.H_H_.HHJ.._.H._.._.H.r.r._..r._.._....xr.r'_.HHHHHHHJ.HHHHHHHHHHHHHHH.rx_..r._.._.HHHHHHHHHHHHH:.HHHH..H.H...r...HHHHHHHHHHHHHHHHHHHHHHHH 3
:
D 4
80¢ _._| u_._ Uy
_y 8k b
-1 _ i
06¢ | r0e ]

N @N ] Al / | / IA—“ Hrr..r..r..r..rrrr ]
f// ” m_________ L nr LT, . “ H IIIII Illl-u
YIS \ | | HE d E

N 1 | 0 H
N ! i H B
N 76C| N H E
\ “ INHE
” | ARAAN JAR' A\RAMANNINAARRRRRRRRRRRRRCE SN E
: ' o O el N | E
\~¢62 | N NHE
| NI | INHE $9¢
| N | I TNHE
| NH 14! {NHH m 1
\ | N [! 1 1TNHE
| 1 N “ “ N M H
1 _ U NHH 1
1B “ H H __
| i Tl N 1 H
4| NHH N
1 H H N
| “ R R
/ | 2]
N‘ h N ! ! ANANANN ANN A@
L |
» ®




US 9,254,831 B2

Sheet 12 of 18

Feb. 9, 2016

Id

&
N

-_-I-I-|-_-l-l-I-I-I-I-lu-l-|I-|-_-|I-|-II-I-|-|-|-|-I-I-IJI-u-l-lJl-l-l-lI-lI-l-ll-l-lu-l-ll-l-u-l-ug
SUOSSAMANNOINSSNNOANNNNNNNOANN

4

90!

LLLLLLLLLLLLLLLLLLLL,

U.S. Patent

:
g
]
b
b
212 \
r N
d N
d N
/ Iy
00e—§; \
N d N N
N W ” N N
d N N
d /////AAAK ‘&AAA/
66¢ ollnafln o N||H \ AN
= N [ H L \ &0
| LI_ N N fanmnn IHHY %H ﬁ
N i N |
667 N S d N “ m = \
~ p = -yl N ! \nmy
Iy — I / I
OB~ = s =N | N-i-62
_ i—1d =1 N | N |
q [ N || N |
_J_ b O — | |
H] N |! / ﬁ !
\ \ 1 N L N L
IBO i ol © \ _ N©® e OO0
) S \ ©

09¢ Gz



U.S. Patent Feb. 9, 2016 Sheet 13 of 18 US 9,254,831 B2

<
™
©)
—
fx,
|
= ipaya pa e I
i |
'J |||||||||||II
H |
|
|
|
|
|IIII
IIIII.II$
__Ll'l
..................... 5 ﬂ‘; \
%: © I~
s
il I B |
B ,@_,)

500
M



US 9,254,831 B2

Sheet 14 of 18

Feb. 9, 2016

U.S. Patent

=0

U8 W

77z
— |

7777 X0)

SISNNNNNNNN _

<

i T T T T T M P M T T

2L

TR -

@
11 N 11 11

9€¢

[ FeNereNraN=r=leralar=raralar: f) Feral el ra el

O —Nnn

[TTCCCTTTTTTEETT

[ 1 anananaaaaaananaaaaaaanns
L1 1

\ ! 1.1 L1
A” SOOI NNSNNUNSNNANNNINININNANNNNN

=S

|\

__||__

¢09

a0

N
)

lCANYd

LN

nn

_—_______________________

| HHMHMNFHHMN




US 9,254,831 B2

Sheet 15 of 18

Feb. 9, 2016

U.S. Patent

n_ﬂ_
L

e DId

Z

SUONNNN

SN

] &

LLLLLLLLLL

1

:::::::::::::::::::::;@

m// SOSUOUOSINNNNN AN /A@
SOUOSUOONNANNNNNNNNN

=

/
049




US 9,254,831 B2

Sheet 16 of 18

Feb. 9, 2016

U.S. Patent

ae ‘Old

N
N
N
N
N
N
N
N
N
N 204 80}
) | ]
VA4 Z VA eS Z VSN ESEEE S V, VA A A4
m g
NN 1
1
N [
\
\ 1
N "
N g
N
N 4
SN
[
A
NFF TULLALRL LAY S ANAAARANNY “
: ’
| Ly %
NSSOS SO SSINNN AN AN AN
NTT___ RNl
@7// A AN AN //H SUOUNNNANNANNN N
_ N

1
1
1]
(v Z

A\ SUOSSUSSNNNSNNONNNNY

@
/
(22

@\\\\ AN



US 9,254,831 B2

¢ HE "DIA

|
@7// OO NNNYNNNSONOSNSONNNNNNSNNNNSNS NN ISNONNONNNONNANNNN OONANNNNN SUOUNNSANNSANANNONNOINANNNNNN N NN ///&Lv

Sheet 17 of 18

Feb. 9, 2016

. - L R 3
- 992 1 ¢ |}
1 1
_l_

[l I r_
y8¢ <202 1 H
1 I i N\ 1
I JJ?FJ | ﬂ
! Hrury N E
“ oS N S _M/ ﬂ
1 \ HHHH | HH | HHHHHHH] HHHHHHHHHHHHH] 1
! N1 _ YN H

N
i N | {NB
| | 1NH
1 1 NI I 1
| 1 ”_ 1 _l_
|| N| {NE
|| | \:
| p 1 /_l_
i ' e N H
| | — | /ﬂ
1l “ N H
! ! ! |
| 1 1l
| I I =
{ [| 60¢ “ N
[l I ‘ Il ” T - T
|| 7 “ ®
! ._________ +

U.S. Patent

el %@@8« “ m



US 9,254,831 B2

Sheet 18 of 18

Feb. 9, 2016

U.S. Patent

|
h// 2L

HE "DIA
YA
//x s PR REEY
b2 eﬂm@m N | / _—
s W 76 e
AN ] //// N V@N
00€ N 3 \
J ' N — N
viie e \ [ \<¢67
g/17-18 ._r-_l_u mm
(X RSSSSSSS N m“
d BN i
O N m




US 9,254,831 B2

1
HYDRAULIC CONTROL SYSTEM FOR AN
AUTOMATIC TRANSMISSION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/677,781, filed Jul. 31, 2012, the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

The invention relates to a control system for an automatic
transmission, and more particularly to an electro-hydraulic
control system.

BACKGROUND

A typical automatic transmission includes a hydraulic con-
trol system that is employed to provide cooling and lubrica-
tion to components within the transmission and to actuate a
plurality of torque transmitting devices. These torque trans-
mitting devices may be, for example, friction clutches and
brakes arranged with gear sets or in a torque converter. The
conventional hydraulic control system typically includes a
main pump that provides a pressurized fluid, such as oil, to a
plurality of valves and solenoids within a valve body. The
main pump is driven by the engine of the motor vehicle. The
valves and solenoids are operable to direct the pressurized
hydraulic fluid through a hydraulic fluid circuit to various
subsystems including lubrication subsystems, cooler sub-
systems, torque converter clutch control subsystems, and
shift actuator subsystems that include actuators that engage
the torque transmitting devices. The pressurized hydraulic
fluid delivered to the shift actuators is used to engage or
disengage the torque transmitting devices in order to obtain
different gear ratios.

While previous hydraulic control systems are useful for
their intended purpose, the need for new and improved
hydraulic control system configurations within transmissions
which exhibit improved performance, especially from the
standpoints of efficiency, responsiveness and smoothness, is
essentially constant. Accordingly, there is a need for an
improved, cost-effective hydraulic control system foruse in a
hydraulically actuated automatic transmission.

SUMMARY

A hydraulic control system for a transmission is provided.
Thehydraulic control system includes a source of pressurized
hydraulic fluid that communicates with an analog electronic
transmission range selection (ETRS) subsystem. The ETRS
subsystem communicates with a clutch actuator subsystem
that engages a plurality of clutches/brakes. In another imple-
mentation, the source of pressurized hydraulic fluid commu-
nicates with a manual valve.

Further features, advantages, and areas of applicability will
become apparent from the description provided herein. It
should be understood that the description and specific
examples are intended for purposes of illustration only and
are not intended to limit the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings described herein are for illustration purposes
only and are not intended to limit the scope of the present
disclosure in any way. The components in the figures are not
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2

necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention. Moreover, in the
figures, like reference numerals designate corresponding
parts throughout the views. In the drawings:

FIGS.1A,1B,1C, 1D, 1E and 1F show a hydraulic control
system in accordance with the principles of the present inven-
tion;

FIGS. 2A, 2B, 2C, 2D, 2E and 2F show another embodi-
ment of a hydraulic control system in accordance the prin-
ciples of the present invention; and

FIGS. 3A, 3B, 3C, 3D, 3E and 3F show yet another
embodiment of a hydraulic control system having a manual
valve in accordance the principles of the present invention.

DESCRIPTION

With reference to FIGS. 1A, 1B, 1C, 1D, 1E and 1F, a
portion of a hydraulic control system according to the prin-
ciples of the present invention is generally indicated by ref-
erence number 100. The hydraulic control system 100 gener-
ally includes a plurality of interconnected or hydraulically
communicating subsystems including a pressure regulator
subsystem 102, an electronic transmission range selection
(ETRS) control subsystem 104, and a clutch control sub-
system 106. The hydraulic control system 100 may also
include various other subsystems or modules, such as a lubri-
cation subsystem, a torque converter clutch subsystem, and/
or a cooling subsystem, without departing from the scope of
the present invention.

The pressure regulator subsystem 102 is operable to pro-
vide and regulate pressurized hydraulic fluid, such as trans-
mission oil, throughout the hydraulic control system 100. The
pressure regulator subsystem 102 draws hydraulic fluid from
a sump 107. The sump 107 is a tank or reservoir preferably
disposed at the bottom of a transmission housing to which the
hydraulic fluid returns and collects from various components
and regions of the transmission. The hydraulic fluid is forced
from the sump 107 and communicated throughout the
hydraulic control system 100 via a pump 108. The pump is
preferably driven by an engine (not shown) and may be, for
example, a gear pump, a vane pump, a gerotor pump, or any
other positive displacement pump. The pressure regulator
subsystem 102 may also include an alternate source of
hydraulic fluid that includes an auxiliary pump (not shown)
preferably driven by an electric engine, battery, or other prime
mover (not shown). The pump 108 feeds pressurized hydrau-
lic fluid at line pressure to a line pressure regulator valve 109.
The line pressure regulator valve 109 communicates pressur-
ized hydraulic fluid to a converter feed limit valve 110, a
torque converter clutch (TCC) control valve 111, and a main
supply line 112. The lubrication flow regulator valve 266 and
the TCC control valve 111 each feed lubrication and TCC
circuits. The main supply line 112 feeds the ETRS subsystem
104 and the clutch actuator subsystem 106.

The ETRS control subsystem 104 connects the pressure
regulator subsystem 102 with the clutch control subsystem
106. Generally, the ETRS control subsystem 104 converts
electronic input for a requested range selection (Drive,
Reverse, Park) into hydraulic and mechanical commands.
The hydraulic commands use line pressure hydraulic fluid
from the pressure regulator subsystem 102 via fluid line 112
to supply hydraulic fluid to the clutch actuator subsystem 106.
The mechanical commands include engaging and disengag-
ing a park mechanism 114.

The ETRS control subsystem 104 includes an enablement
valve assembly 120. The enablement valve assembly includes
fluid ports 120A-D. Fluid port 120A is an exhaust port that
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communicates with the sump 107. Fluid port 120B commu-
nicates with a first mode valve assembly 134 through a feed
line 121. Fluid port 120C communicates with the main supply
line 112. Fluid port 120D communicates with a signal line
122. The enablement valve assembly 120 further includes a
spool valve 123 slidably disposed within a bore 124. When
pressurized fluid is supplied through the signal line 122, fluid
pressure acts upon the spool valve 123 through the fluid port
120D. When the spool valve 123 is stroked, the fluid port
120C communicates with the fluid port 120B.

In addition to the first mode valve assembly, the ETRS
subsystem 104 includes second mode valve assembly 136
that communicate in series with one another and with the
enablement valve assembly 120. The first mode valve 134
includes spool valves 146A and 146B and further includes
ports 134A-1, numbered consecutively from left to right.
Ports 134A, D, and H are exhaust ports that communicate
with the sump 107. Ports 134B and 134F communicate with
the range feed line 121. Port 134C communicates with a fluid
line 140. Port 134E communicates with a fluid line 142. Port
134G communicates with a fluid line 144. Port 1341 commu-
nicates with a signal line 145.

The spool valves 146A and 146B are actuated by the
hydraulic fluid provided through lines 144 and from solenoid
263 via line 145. The spool 146A is moveable between a
stroked position and a de-stroked position. In the de-stroked
position port 134F communicates with port 134E. Accord-
ingly, the range feed line 121 communicates with line 142.
When the first mode valve assembly 134 is stroked, port 134F
is closed while port 134E exhausts and port 134B communi-
cates with port 134C such that the range feed line 121 com-
municates with line 140.

The second mode valve assembly 136 generally includes
ports 136 A-M. Ports 136C, 136G, and 136L. are exhaust ports
that communicate with the sump 107. Port 136 A communi-
cates with the fluid line 144. Ports 136B and 136] communi-
cate with a Park feed line 150. Port 136D communicates with
a sequence line 152 that communicates with port 136K. Port
136E communicates with fluid line 140. Port 136F commu-
nicates with a Drive line 154. Port 136H communicates with
a Reverse line 156. Port 1361 communicates with fluid line
142. Fluid port 136M communicates with a signal line 158.

The second mode valve assembly 136 includes spool
valves 162A and 162B actuated by the hydraulic fiuid pro-
vided through lines 144 and from solenoid 261 via line 158.
The spool valve 162 A is moveable between a stroked position
and a de-stroked position. In the de-stroked position, port
136F communicates with port 136F and port 1361 communi-
cates with port 136J and port 136H exhausts. Therefore, when
the first mode valve assembly 134 is stroked, the transmission
is in “Drive” when the second mode valve assembly 136 is
de-stroked and is providing hydraulic fluid to Drive line 154
and to the “1 feed” line 140, which will be described in further
detail below. In the stroked position the port 136 communi-
cates with the port 136D providing signal feedback to port
136K. Also, port 1361 communicates with port 136H and
feeds the Reverse fluid line 156 while ports 136B and 136F
exhaust.

The first mode valve assembly 134 may include either one
or two position sensors 171, and the second mode valve
assembly 136 may include a pair of position sensors 175,179,
by way of example.

A check valve 180 is connected to fluid lines 140 and 156.
The check valve 180 includes three ports 180A-C. The check
valve 180 closes off whichever of the ports 180A and 180B
that is delivering the lower hydraulic pressure and provides
communication between whichever of the ports 180A and
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180B having or delivering the higher hydraulic pressure and
the outlet port 180C. Port 180A is connected to the Reverse
fluid line 156. Port 180B is connected to fluid line 140. Port or
outlet 180C is connected to an out-of-Park (OOP) fluid line
181.

The into-Park fluid line 150 and the OOP fluid line 181
each communicate with a Park servo valve 182. The Park
servo valve 182 includes ports 182 A and 1828 each located on
either side of a piston 184. The piston 184 is mechanically
coupled to the park mechanism 114. Port 182A communi-
cates with the OOP fluid line 181 and port 182B communi-
cates with the into-Park fluid line 150. The piston 184 moves
upon contact by the hydraulic fluid supplied by one of the
fluid lines 181, 150, thereby mechanically disengaging or
engaging the Park mechanism 114.

The Park mechanism 114 is connected with an out-of-Park
(OOP) solenoid 186. The OOP solenoid 186 is actuatable to
mechanically prevent the Park mechanism 114 from engag-
ing during an engine stop-start event (i.e. when the vehicle is
intended to be mobile during an automatic engine stop). The
OOP 184 solenoid may also be used to keep the Park servo
182 disengaged when it is desirable to operate in Drive or
Reverse at other times.

As noted above, the ETRS subsystem 104 feeds hydraulic
fluid to the clutch actuation control subsystem 106 via the
range feed line 121, the Drive line 154 and the Reverse line
156 while the clutch actuation control subsystem 106 pro-
vides hydraulic control signals back to the ETRS subsystem
104 via signal line 144.

The clutch actuation control subsystem 106 generally
includes a clutch select valve assembly 200 and a plurality of
clutch regulation assemblies 202, 204, 206, 208, 210, and
212. Each of the clutch regulation assemblies 202-212 are
associated with one of a plurality of clutch actuators 214, 216,
218, 220, 222, and 224. The clutch actuators 214-224 are
hydraulically actuated pistons that each engage one of a plu-
rality of torque transmitting devices (clutches or brakes) to
achieve various forward, or drive, speed ratios and reverse
speed ratios.

The clutch select valve assembly 200 generally includes
ports 200A-J. Ports 200D and 200G are exhaust ports that
communicate with the sump 107. Port 200A communicates
with the fluid line 156. Port 200B communicates with the
clutch regulation assemblies 202 and 206. Port 200C com-
municates with a clutch feed line 234. Port 200E communi-
cates with the feed line 154. Port 200F communicates with
line 144 which provides a control signal back to ETRS sub-
system 104. Port 200H communicates with a feed line 240.
Port 2001 communicates with the signal line 156. Port 200J
communicates with the lines 234 and 242.

The clutch select valve assembly 200 includes a spool
valve 250 slidably disposed within a bore. The spool valve
250 is moveable between a stroked position and a de-stroked
position. In the de-stroked position, port 200B is closed, ports
200D and 200G exhaust, port 200C communicates with port
200J]. Therefore in the stroked position, the clutch select valve
200 provides hydraulic fluid to the signal line 144 and pro-
vides hydraulic fluid to clutch feed line 236. The signal line
144 communicates with valve assembly 134 and valve assem-
bly 136. The feed line 236 communicates with the clutch
actuator 214. In the stroked position port 2001 is blocked. In
the de-stroked position the Reverse feed line 156 feeds the
feed line 240 while the feed line 144 is exhausted.

The clutch select valve assembly 200 is stroked when
hydraulic fluid is communicated through a clutch select sole-
noid 260 to fluid port 200J via signal line 242. The clutch
select solenoid 260 receives hydraulic fluid from a feed line
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262 that communicates with the main supply line 112 through
afeed limit valve 264. The feed line 262 also supplies hydrau-
lic fluid to a solenoid 261 and a solenoid 263.

A check valve 270 is connected to a fluid line 267. The
check valve 270 includes three ports 270A-C. The check
valve 270 closes off whichever of the ports 270A and 270B
that is delivering the lower hydraulic pressure and provides
communication between whichever of the ports 270A and
270B having or delivering the higher hydraulic pressure and
the outlet port 270C.

A check valve 276 is connected to fluid lines 144 and 240.
The check valve 276 includes three ports 276 A-C. The check
valve 276 closes off whichever of the ports 276B and 276C
that is delivering the lower hydraulic pressure and provides
communication between whichever of the ports 276B and
276C having or delivering the higher hydraulic pressure and
the outlet port 276A.

A clutch gain enable valve assembly 280 selectively com-
municates with the clutch gain valve 399 via a fluid line 499.
The clutch gain enable valve assembly 280 is engaged by the
fluid line 510 which is fed by clutch regulation assembly 202.

The clutch regulation assembly 202 includes a variable
flow solenoid 203 and a boost valve 282. The solenoid 203 is
connected to the boost valve 282, which, in turn, is connected
to an actuator feed line 284 that communicates with the clutch
actuator 214.

The clutch regulation assembly 204 includes a variable
flow solenoid 205, a regulator valve 207A and a regulator
valve 207B that are connected to the Drive line 154. The
solenoid 205 receives hydraulic fluid from the Drive line 154
and selectively communicates the Drive line hydraulic fluid to
an actuator feed line 286. The regular valve 207B has a hole
through it to allow the signal from the solenoid 205 to com-
municate with the regulator valve 207A. The two regulator
valves 207 A and 207B are separated by a fluid signal from the
clutch gain valve assembly 399. This fluid line communicates
with fluid signal line 242 when clutch gain enable valve
assembly 280 is in the stroked position. Signal line 242 is fed
from solenoid 260. The actuator feed line 286 communicates
with the clutch actuator 216.

The clutch regulation assembly 206 includes a variable
flow solenoid 209. The solenoid 209 is connected to the
exhaust backfill line 147 and the drive line 154. The solenoid
209 selectively communicates the Drive/signal line hydraulic
fluid to an actuator feed line 290. The actuator feed line 290
communicates with the clutch actuator 218.

The clutch regulation assembly 208 includes a variable
flow solenoid 211 and a boost valve 292. The solenoid 211 is
connected to the exhaust backfill line 147 and to the line feed
112. The boost valve 292 is connected to the line feed 112 and
to an actuator feed line 294. The solenoid 211 receives
hydraulic fluid from the line feed 112 and selectively com-
municates the line feed 112 hydraulic fluid to the signal line
293 in order to move the boost valve 292. The boost valve 292
in turn selectively communicates the Drive/signal line
hydraulic fluid to the actuator feed line 294. The actuator feed
line 294 communicates with the clutch actuator 220.

The clutch regulation assembly 210 includes a variable
flow solenoid 213 and a boost valve 296. The solenoid 213 is
connected to the exhaust backfill line 147 and to the line feed
112. The boost valve 296 is also connected to the line feed 112
and to an actuator feed line 298. The solenoid 213 receives
hydraulic fluid from the line feed 112 and selectively com-
municates the line feed 112 hydraulic fluid to the signal line
297 to move boost valve 296. The boost valve 296 in turn
selectively communicates the feed line hydraulic fluid to the
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actuator feed line 298. The actuator feed line 298 communi-
cates with the clutch actuator 222.

The clutch regulation assembly 212 includes a variable
flow solenoid 215, a regulator valve 217A and a regulator
valve 217B that are connected to the main supply line 112.
The solenoid 213 receives hydraulic fluid from the main
supply line 112 and selectively communicates the line pres-
sure hydraulic fluid to an actuator feed line 300, which, in
turn, communicates with the clutch actuator 224. The regular
valve 217B has a hole through it to allow the signal from the
solenoid 215 to communicate with the regulator valve 217A.
The two regulator valves 217A and 217B are separated by a
fluid signal from the clutch gain valve assembly 399.

Selective actuation of combinations of clutch regulator
assemblies and valve positions allows the hydraulic control
system 100 to selectively engage combinations of the plural-
ity of clutches and brakes.

Turning now to FIGS. 2A, 2B, 2C, 2D, 2E and 2F, another
arrangement of a hydraulic control system is generally indi-
cated by reference number 400. The hydraulic control system
400 is substantially similar to that shown in FIGS. 1A, 1B,
1C, 1D, 1E and 1F and like components are indicated by like
reference numbers. However, in the hydraulic control system
400, a clutch select valve 401 replaces the clutch select valve
200 shown in FIGS. 1A, 1B, 1C, 1D, 1E and 1F. The clutch
select valve assembly 401 generally includes ports 401A-L.
Ports 401D, 401G and 401K are exhaust ports that commu-
nicate with the sump 107 or an exhaust backfill circuit. Port
401 A communicates with the fluid line 156. Port 401B com-
municates with the clutch regulation assemblies 202 and 206.
Port 401C communicates with a clutch feed line 234. Port
401E communicates with the feed line 154. Port 401F com-
municates with a clutch feed line 144. Port 401H communi-
cates with a feed line 240. Port 4011 communicates with the
signal line 156. Port 401J communicates with a check valve
402. And port 401M communicates with the line 234.

The clutch select valve assembly 401 includes a spool
valve 450 slidably disposed within a bore. The spool valve
450 is moveable between a stroked position and a de-stroked
position. In the de-stroked position, port 401B is closed, ports
401D, 401G and 401K exhaust, port 401C communicates
with port 401M. In the stroked position, port 401K is blocked.
Therefore the Reverse feed line 156 is also blocked while the
clutch feed line 144 feeds feed line 240.

The clutch select valve assembly 401 is stroked when
hydraulic fluid is communicated through a clutch select sole-
noid 260 to fluid port 401M via signal line 242. The clutch
select solenoid 260 receives hydraulic fluid from a feed line
262 that communicates with the main supply line 112 through
afeed limit valve 264. The feed line 262 also supplies hydrau-
lic fluid to a solenoid 261 and a solenoid 263 that communi-
cates with fluid line 122.

The check valve 402 includes three ports 402 A, 402B, and
402C. Port 402A communicates with the line 154. Port 402B
communicates with port 401J of the clutch valve assembly
402. And port 402C communicates with the clutch regulation
assemblies 204 and 206.

Turning to FIGS. 3A, 3B, 3C, 3D, 3E and 3F, another
arrangement of a hydraulic control system is generally indi-
cated by reference number 500. The hydraulic control system
400 is substantially similar to that shown in FIGS. 1A, 1B,
1C, 1D, 1E and 1F and like components are indicated by like
reference numbers. However, in the hydraulic control system
500, the ETRS subsystem has been replaced by a manual
valve 502 and a default valve 510. The manual valve 502
communicates with the main supply line 112, the Reverse line
156, and the Drive line 154. Movement of arange selector 508
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of an operator of the motor vehicle in turn translates the
manual valve 502 between various positions including a
Reverse position and a Drive position. In the Drive position,
the main supply line 112 provides hydraulic fluid at line
pressure to the Drive line 154. In the Reverse position, the
main supply line 112 provides hydraulic fluid at line pressure
to the Reverse line 156.
The default valve 510 includes a spool 512 slidably dis-
posed in a bore. As the spool 512 reciprocates within the bore,
the default valve selectively communicates with the main
supply line 112, the Drive line 154, the Reverse line 156, and
the clutch regulation assemblies 202, 204, 206, 208, 210, and
212.
The description of the invention is merely exemplary in
nature and variations that do not depart from the general
essence of the invention are intended to be within the scope of
the invention. Such variations are not to be regarded as a
departure from the spirit and scope of the invention.
What is claimed is:
1. A hydraulic control system for a ten-speed automatic
transmission, the hydraulic control system comprising:
apressure regulator subsystem with a source of pressurized
hydraulic fluid for providing a flow of hydraulic fluid;

an electronic transmission range selection (ETRS) control
subsystem including a set of three valve assemblies, the
ETRS control subsystem further including a Park
mechanism that communicates with an out-of-Park sole-
noid and a Park servo valve; and

a clutch actuation control subsystem that provides pressur-

ized hydraulic fluid to a plurality of clutch actuators
through a plurality of clutch valve assemblies,

wherein the ETRS control subsystem connects the pressure

regulator subsystem with the clutch control subsystem
and wherein the ETRS control subsystem converts elec-
tronic input for a requested range selection into hydrau-
lic and mechanical commands.

2. The hydraulic control system of claim 1 wherein the
source of pressurized hydraulic fluid is a pump.

3. The hydraulic control system of claim 1 wherein the set
of three valve assemblies of the ETRS control subsystem
includes an enablement valve assembly, a first mode valve
assembly, and a second mode valve assembly.

4. The hydraulic control system of claim 3 wherein the
enablement valve assembly communicates with the first
mode valve assembly and the second mode valve assembly.

5. The hydraulic control system of claim 1 wherein each of
the valve assemblies of the ETRS control subsystem includes
valves slidably disposed in a bore.

6. The hydraulic control system of claim 1 wherein the
ETRS control subsystem further includes a spool valve
assembly that communicates with the first mode valve assem-
bly.
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7. The hydraulic control system of claim 6 wherein the
spool valves are slidably disposed in a bore.
8. The hydraulic control system of claim 1 wherein the
plurality of clutch actuators includes six clutch actuators.
9. The hydraulic control system of claim 8 wherein each of
the clutch actuators is a hydraulically actuated piston that
engages one of a plurality of torque transmitting devices to
achieve a desired speed ratio.
10. The hydraulic control system of claim 1 wherein each
of the plurality of clutch actuators is activated by one of a
plurality of variable force solenoids through the plurality of
clutch valve assemblies.
11. The hydraulic control system of claim 1 wherein the
out-of-Park solenoid is actuated to prevent the Park mecha-
nism from engaging during an engine stop-start event.
12. The hydraulic control system of claim 1 wherein the
out-of-Park solenoid disengages the Park servo valve to oper-
ate the transmission in Drive or Reverse.
13. A hydraulic control system for a ten-speed automatic
transmission, the hydraulic control system comprising:
a pressure regulator subsystem with a source of pressurized
hydraulic fluid for providing a flow of hydraulic fluid;

an electronic transmission range selection (ETRS) control
subsystem including a set of three valve assemblies, the
ETRS control subsystem further including a Park
mechanism that communicates with an out-of-Park sole-
noid and a Park servo valve; and

a clutch actuation control subsystem that provides pressur-
ized hydraulic fluid to a plurality of clutch actuators
through a plurality of clutch valve assemblies, the clutch
actuator control subsystem including a clutch select
valve assembly that communicates with the pressure
regulator subsystem,

wherein the ETRS control subsystem connects the pressure
regulator subsystem with the clutch control subsystem
and wherein the ETRS control subsystem converts elec-
tronic input for a requested range selection into hydrau-
lic and mechanical commands.

14. The hydraulic control system of claim 13 wherein the
set of three valve assemblies of the ETRS control subsystem
includes an enablement valve assembly, a first mode valve
assembly, and a second mode valve assembly.

15. The hydraulic control system of claim 13 wherein the
plurality of clutch actuators includes six clutch actuators.

16. The hydraulic control system of claim 15 wherein each
of'the clutch actuators is a hydraulically actuated piston that
engages one of a plurality of torque transmitting devices to
achieve a desired speed ratio.
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